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structural change in response to different intensities (30–70% basal area removal) and spatial patterns
(22–273 m2 mean patch size) of harvesting. We also applied habitat models for seven late-successional
vertebrates to the structural conditions present after harvesting to assess potential species responses.
Partial harvesting increased understory and downed woody debris (DWD) cover and decreased over-
story structure for the first 25 years after harvest, in comparison to unharvested stands, with this
effect subsequently reversing as harvest-induced regeneration reached the canopy. Although harvest-
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ing enhanced long-term structural development in this regard, large trees, large snags, and large DWD all
remained below unharvested levels throughout the simulation period. Harvesting also produced tran-
sient increases in early-decay DWD and ground exposure. Most changes in structural attributes increased
inproportion toharvest intensity, but structural differences amongharvest patternsweregenerally small.
Dispersed harvesting induced somewhat less pronounced decreases in vertical structure, and produced
more post-harvest slash, than aggregated harvesting.
All seven vertebrate species decreased in abundance as harvest intensity increased from 30 to 70%. In
comparison to their pre-harvest abundances in old stands, vertebrates associated with DWD (redback
salamander, marten, red-backed vole) showed neutral or positive responses at one or more harvest inten-
sities, whereas those associated with large trees and snags (brown creeper, flying squirrel) consistently
exhibited substantial adverse impacts.
© 2011 Elsevier B.V. All rights reserved.
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span of decades or even centuries, forest stands that
strophic disturbance develop increasing live biomass,
dy debris, diversity in tree size and foliage height, and
rogeneity (Franklin et al., 2002; Harper et al., 2003;
d Chen, 2006), with the resulting structural complexity
abitat for many late-successional vertebrate and non-
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vertebrate species in mature and old forest ecosystems (Penttilä
et al., 2004; Fisher and Wilkinson, 2005; Schieck and Song, 2006).
Natural and anthropogenic disturbances strongly influence stand
structure and habitat conditions, either enhancing within-stand
complexity by creating treefall gaps of various sizes (McCarthy,
2001), or reinitiating stand development by removing most or all
live canopy trees. Yet, while light- and moderate-intensity mortal-
ity events are predominant characteristics of natural disturbance
regimes across many forest regions (Frelich and Lorimer, 1991;
Veblen et al., 1991; Lertzman et al., 1996; Bergeron et al., 2001;
Seymour et al., 2002), clearcut harvesting has long been established
as the favoured method for managing commercial forests across
much of North America and Europe, and in the Canadian boreal
forest in particular. Through time, this type of harvesting has led to
simplification of stand structures through less diverse tree species
composition, reduced structural legacies, and loss of spatial hetero-
geneity relative to naturally disturbed boreal stands (Bergeron and
Harvey, 1997; Carleton, 2000; Drapeau et al., 2000; Brassard and
Chen, 2006).
see front matter © 2011 Elsevier B.V. All rights reserved.
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The SORTIE-ND implementation used in the present study is
based upon one developed for upland boreal mixedwood stands
in Quebec’s Abitibi region (48◦28′N, 79◦21′W) (Poulin and Messier,
2008; Beaudet et al., 2011). The tree species represented by
this model
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Table 1
Loadings of 24 structural variables on three principal components describing simulated boreal mixedwood stand dynamics over 80 years in absence of harvesting and in
response to nine partial harvest scenarios. Only loadings with absolute value >0.6 are shown.
Category Variable Principal component loadings
Axis 1 (48%) Axis 2 (30%) Axis 3 (13%)
Overstory Stand basal area 0.94
Percent cover of trees ≥10 cm 0.96
Density of trees ≥10 cm 0.98
Stand quadratic mean diameter −0.84
Density of trees ≥30 cm 0.66
Understory Density of trees <10 cm −0.94
Percent cover of trees <10 cm −0.82
Vertical structure Percent cover of all trees 0.86
Mean stand height 0.64 0.67
Standard deviation of tree DBH 0.78
Foliage height diversity 0.89
Skewness of tree DBH 0.71
Snags Basal area of snags 0.74 0.61
Density of snags ≥10 cm 0.97
Mean snag diameter −0.93
Density of snags ≥30 cm 0.81
DWD Mean DWD decay class 0.61 0.77
SD of DWD decay class
Percent ground cover of DWD −0.84
Volume of decay class 1–2 DWDa −0.71 −0.62
Volume of decay class 3 DWD 0.80
Volume of decay class 4–5 DWD 0.81
Volume of DWD ≥30 cm 0.89
a Decay clas
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stands intact (Carleton, 2000). Although such prac-
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e partial harvesting scenarios that we simulate here
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Habitat model
ack salamander (Plethodon cinereus) ln(Relative abundance) = 1.743 − 0.013(basal
area)/(quadratic mean diameter)1/2 − 2.325(cla
cover) + 11.160(class 3–5 DWD cover)
er (Certhia americana) Logit(Pr(nest presence)) = −1.9490 + 0.0142(de
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iurus aurocapilla) Relative abundance = 1.000 + 0.019(percent can
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with model projections, however, which suggests that
tructural habitat characteristics in northern forests, and the expected
Source Expected sensitivity
ss 1–2 DWD
McKenny et al. (2006) Low
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Table 3
Proportion of pre-harvest vertebrate species abundance five years after various intensities of partial harvesting in simulated boreal mixedwood stands, and the time required
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